Background: Infants less than 3 months of age are at highest risk of hospitalization and death from pertussis. Several studies have examined antibody responses to pertussis vaccines at birth but no previous study has evaluated 2 doses of monovalent acellular pertussis vaccine (aPV) before 2 months of age. Methods: Seventy-six newborns were randomized at birth to 3 groupsaPV at birth and 1 month, aPV at birth, and control. All infants received hepatitis B vaccine (HBV) at birth followed at 2, 4, and 6 months by a combination vaccine including aPV, diphtheria, tetanus, Haemophilus influenzae type b (Hib), hepatitis B, polio antigens and 7 valent conjugate pneumococcal vaccine. IgG antibody responses to pertussis toxoid (PT), filamentous hemagglutinin (FHA), and pertactin (PRN) were measured in maternal serum and in infants at 2, 4, 6, and 8 months of age. Antibody responses to hepatitis B, diphtheria, tetanus, and Hib were measured at 8 months only. A parental diary and active telephone follow-up occurred for 7 days after each vaccination. Results: The aPV birth dose was well tolerated. By 2 months of age, 22 of 25 (88%) of 2 dose recipients had detectable IgG antibody to PT (IgG PT) compared with 9 of 21 (43%) who received a birth dose only and 3 of 20 (15%) of controls. Infants in the 2 dose group had a geometric mean concentration (GMC) of IgG PT of 16 ELISA units per mL (EU/mL), 95% CI: 11 to 25, significantly higher than birth dose only (5 EU/mL, 95% CI: 3-8) and controls (3 EU/mL, 95% CI: 2-5). At 8 months of age, following 5, 4, and 3 doses of aP-containing vaccine, respectively, IgG PT had plateaued but IgG to FHA and PRN increased with successive doses. There was a trend to lower antibody responses for hepatitis B and Hib with higher numbers of Pa doses. Conclusion: These data suggest that aPV at birth and 1 month induces significantly higher IgG antibody against pertussis antigens by 2 months of age without reducing subsequent pertussis antibody responses. Larger and more detailed studies of aPV from birth are needed to evaluate other antibody responses and the potential of this approach to reduce death and morbidity from Bordetella pertussis infection in the first 3 months of life.
P
ertussis is a significant cause of mortality in early infancy worldwide. Nearly 300,000 deaths occur each year, most in developing countries, but deaths are probably underestimated in both rich and poor countries. 1, 2 Death and hospitalization from pertussis occur predominantly in infants too young to receive more than 1 dose under current schedules, with over 80% of 145 reported deaths in the United States, between 2000 and 2006, occurring under 3 months of age. 3 Two doses of a pertussiscontaining vaccine provide significant protection against severe disease, and even 1 dose may provide some protection against death. 4, 5 The earliest age at which the first pertussis vaccine dose is currently recommended is 6 weeks under the Expanded Programme of Immunization (EPI) schedule of the World Health Organization (WHO) and can be given from 6 weeks in Europe, North America, and Australia. The second dose is given at 10 weeks under the EPI, 12 weeks in some European countries and 16 weeks elsewhere. 6 This means that, even if optimally delivered, current pertussis immunization schedules cannot provide direct protection to infants less than 8 weeks of age. When delays in immunization are taken into account, protection is often delayed even more. 7, 8 High infant morbidity and mortality from pertussis in infants was recognized more than 60 years ago, 3, 9 leading to trials of maternal 10 -13 and neonatal vaccination 14 -17 with whole cell vaccine preparations. Following the suggestion that pertussis immunization in the neonatal period could induce immune tolerance, 16 the emphasis shifted to commencing whole cell vaccines later in the first year, even though the validity of these concerns was later questioned. 18 Currently, only BCG and hepatitis B vaccines are routinely administered at birth and their inclusion in the WHO's EPI schedule and many national vaccination programs is wellestablished as safe, feasible, and effective. 6, 19 Strategies to prevent early infant pertussis include universal adult and adolescent vaccination, "cocoon" vaccination of those in close contact with infants, maternal vaccination, and neonatal vaccination. No studies of maternal acellular pertussis vaccination have been published and the results of 3 recent small studies examining administration of acellular pertussis-containing vaccines in the first week of life are conflicting. 20 -22 Two studies using different monovalent acellular pertussis vaccines at birth suggested that earlier antibody responses could be achieved, 20, 22 but the study which used a combined diphtheria-tetanus-acellular pertussis (DTPa) vaccine at birth 21 showed inferior later antibody responses. We report the immunologic and clinical outcomes comparing 2 doses of a monovalent acellular pertussis vaccine (Glaxo Smith Kline, Belgium) at birth and 4 weeks of age with monovalent acellular pertussis vaccine at birth only and standard practice.
METHODS

Design
This pilot study was a randomized, nonblinded trial of administration of monovalent acellular pertussis vaccine (aPV) to newborn infants. This study was conducted according to Good Clinical Practice guidelines, the Declaration of Helsinki 1999 and had the approval of 3 ethics committees (The Children's Hospital at Westmead, Westmead Hospital, and the Children, Youth and Women's Health Service, Adelaide). Written informed consent was obtained from parents/ guardians before the enrollment of infants.
Neonates in group 1 received aPV at birth (within 5 days) and a second dose at 1 month of age. Those in group 2 received aPV within 5 days of birth only and those in group 3 followed the routine vaccination schedule. In Australia, this includes hepatitis B vaccine at birth and, at 2, 4, and 6 months of age, diphtheria, tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b antigens (given in this study as DTaP-HBV-IPV/Hib vaccine (Infanrix Hexa) as well as 7 valent pneumococcal conjugate vaccine (Prevnar). Thus overall, subjects in group 1, 2, and 3 received 5, 4, and 3 doses respectively of a pertussis-containing vaccine by 6 months of age.
Subjects
Eligible subjects were healthy infants, who had completed at least 36 weeks gestation, were born after an uncomplicated pregnancy to mothers seronegative for hepatitis B surface antigen (HbsAg) and were enrolled within 120 hours of birth.
Enrollment in the study was excluded by any of the following: known contraindications to vaccination 23 ; administration of immunoglobulins or blood products preceding the first dose of study vaccine or their planned administration during the study period; any confirmed or suspected immunosuppressive or immunodeficient condition in the parent or child and major congenital defects or serious chronic illness. The study was conducted in 
Vaccines
A single dose of investigational aPV (0.5 mL) containing pertussis toxin (PT) 25 g, pertactin (PRN) 8 g, filamentous hemagglutinin (FHA) 25 g, and 0.5 mg aluminum as hydroxide salts was supplied by GlaxoSmithKline (GSK) Biologicals, Rixensart, Belgium. All infants received 10 g hepatitis B surface antigen (HbsAg) with 0.25 mg aluminum hydroxide adjuvant (Engerix B). The aPV was administered intramuscularly into the right anterolateral thigh and the HBV vaccine into the left anterolateral thigh concomitantly in Groups 1 and 2 prior to 120 hours of age. The antigen composition of the aPV used at birth and 1 month was identical to that in the combined DTaP-HBV-IPV/Hib vaccine (Infanrix hexa) in routine use. As indicated above, routine scheduled vaccines at 2, 4, and 6 months included Infanrix hexa and 7 valent pneumococcal conjugate vaccine (Prevnar-Wyeth pharmaceuticals), whose composition is listed elsewhere. 9 Infanrix hexa was administered intramuscularly in the right thigh and Prevnar in the left thigh at 2, 4, and 6 months of age by study nurses.
Assessment of Immunogenicity
In total, 5 blood samples were collected. To reduce the number of blood samples required from the infant, the first sample was obtained from the mother at the same time as the infant received the first vaccination (Pa and HBV or HBV alone). Subsequent samples (n ϭ 4) were collected from infants at 2, 4, 6, and 8 months of age. Samples were centrifuged, serum separated, stored at Ϫ80°C and shipped frozen to GSK Biologicals, Belgium (GSK) where all serologic assays were performed.
Pertussis toxin (anti-PT), pertactin (anti-PRN), and filamentous hemagglutinin (anti-FHA) IgG antibody concentrations were measured at each sampling point by enzyme linked immunosorbent assay (ELISA: cut-off 5 EL.U/mL), using standard assay methods at the GSK laboratory developed for licensure of DTPa vaccines.
Antidiphtheria (cut-off 0.1 IU/mL), antitetanus (cut-off 0.1 IU/mL), and anti-PRP (cut-off 0.15 g.mL) IgG antibodies were measured by ELISA on the sample taken at 8 months of age (2 months after the final vaccine dose). Hepatitis B surface antibodies (anti-HBs) were measured by ELISA (AUSAB, Abbott Laboratories) as per the manufacturer's recommendations (cut-off 10 mIU/ mL) on samples collected at 8 months of age. The laboratory was blind to the study assignment of subjects. There was no formal surveillance for pertussis infection.
Assessment of Reactogenicity
After administration of each vaccine, all infants were observed for 30 minutes. Vaccine reactogenicity and safety was assessed using a 7 day diary card after each vaccination. Parents were given a thermometer, instructed in its use, and asked to record temperature and any solicited adverse reactions 3 and 6 hours after injection and at bedtime each evening for 7 days. Solicited adverse reactions included: fever, drowsiness (unusually sleepy or inactive), irritability, anorexia, vomiting, redness, and swelling at the vaccination site (each measured in millimeters) and pain. All unsolicited adverse events occurring within the time interval between vaccinations were recorded by parent/guardian and/or study physician at each study visit. Telephone contact was made with parents/guardians on days 2 and 7 to enquire about adverse events and encourage completion of the diary cards following vaccination. The total duration of safety follow-up was 2 months following the final vaccine dose at 6 months. Any serious adverse event, including hospitalization, was assessed by an independent vaccine safety committee.
Statistical Analysis
The investigators were responsible for study design and conduct and performed all statistical analyses on individual patient data. Only subjects who had completed the vaccine schedule according to protocol and had at least 2 assay results available, including the maternal baseline sample, were included in the immunogenicity analysis. For pertussis antigens, antibody geometric mean concentrations (GMC) with 95% confidence intervals (CI) were calculated from the antilog of the mean of the log transformed values. Values below the laboratory assay cut-off were assigned a value half of the cut-off value to calculate the GMC.
The primary objective of the study was to assess if IgG antibody to PT and PRN was significantly higher in group 1 at 2 months of age (after 2 aPV doses) than after 1 dose in group 2 and no prior doses of pertussis-containing vaccine in group 3. As no universally agreed serologic correlate of protection exists for pertussis, serologic response, defined as a 4-fold increase from the prevaccination antibody titer, was examined as the variable of interest. For diphtheria, tetanus, Hib, and hepatitis B, serologic response was defined as any level above the lower limit for detection in the assay used for each antibody (0.1 IU/mL, 0.1 IU/mL, 0.15 g/mL, and 10 mIU/mL, respectively). Comparisons of antibody responses between groups were using log-transformed data by the independent samples t test with P Ͻ 0.05 indicating a possible group difference. The proportion of study group subjects
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with a serological response and local and systemic reactions after vaccination in study groups were compared by Fisher exact test.
To detect a significant difference for the primary outcome of detectable antibody after the second dose, and to allow for dropouts and failure to obtain some specimens by venipuncture, we aimed to recruit 25 subjects per arm for this pilot study. Our sample size calculations had indicated that this number of subjects would give 80% power to detect a 50% difference in the proportion of infants achieving detectable PT antibody.
RESULTS
We enrolled 76 eligible newborns from February 2005 to June 2006. The mean gestational age was 39.8 weeks, 59% were male and there was no significant difference in birth weight between groups. (Table 1 ) Sixty-eight infants remained enrolled to completion of the vaccination schedule at 6 months and 64 infants until the completion of safety follow-up at 8 months. Eight infants, 2 from Group 1, 1 from Group 2, and 5 from Group 3 withdrew from the study after enrollment and before the first blood sample at 2 months for varied reasons including relocation (1), declining blood tests (4), and inadvertent vaccination with non study vaccines (3).
Immunogenicity
Antibody Responses to Pertussis Vaccination
At enrolment, the GMC of maternal IgG to both pertussis toxin (PT) and pertactin (PRN) was not significantly different among groups. However, infants randomized to group 2 had significantly higher maternal anti-PT IgG than those randomized to group 3 (GMC 6.2 vs. 3.3, P ϭ 0.04).
With respect to GMCs, at 2 months, following 2 doses of aPV, Group 1 infants had statistically significantly higher GMCs for anti-PT, anti-FHA and anti-PRN IgG compared with both Group 2 and 3 infants (Tables, Supplemental Digital Content 1, 2, and 3, http://links.lww.com/INF/A249, http://links.lww.com/INF/A250, and http://links.lww.com/INF/A251). For anti-PT IgG, levels remained significantly higher in group 1 compared with groups 2 and 3 at 4 and 6 months (Table, Supplemental Digital Content 1, http://links.lww.com/INF/A249) but not at 8 months, with little increase in IgG PT seen after a fourth or fifth dose. For anti-PRN IgG, at 4 months of age, after 3 doses of a pertussis-containing vaccine, levels were significantly higher in group 1 compared with groups 2 (2 doses) and 3 (1 dose) and although in contrast to PT, IgG to PRN increased with each successive dose of pertussiscontaining vaccine, differences at 6 or 8 months of age were no longer statistically significant. (Table, Supplemental With respect to the proportion above the limit of detection, at 2 months old, after 2 doses of a pertussis -containing vaccine, 88% of group 1 infants had a level of IgG to PT above 5 EU/mL compared with 43% of those in group 2 (1 dose) and 15% of group 3 (no doses). Similarly, all group 1 infants had detectable antibody (Ͼ5 U/mL) to PRN 1 month after the second dose of Pa at 2 months, compared with 33% for those in group 2 who had received a dose at birth only and 30% for controls. Significantly more infants in group 1 had a 4-fold rise in anti-PT IgG from maternal values to 2 months old (56% vs. 5 and 0% respectively for groups 2 and 3, P Ͻ 0.02).
There was no evidence of later hypo-responsiveness to pertussis antigens in infants who received Pa vaccine within 5 days of birth. Pertussis antibody levels from 4 months to 8 months of age converged between groups, particularly for PT, and at 8 months did not significantly differ from control infants (Fig. 1) .
Influence of Maternal Pertussis Antibody Levels at Birth
At 2 months of age, antibody levels in groups 2 and 3 were slightly lower than maternal levels, consistent with loss of maternal antibodies. Of the 8 infants in Group 1 who had detectable anti-PT IgG in maternal sera (Ͼ5 EL.U/mL), 6 (75%) showed an increase in IgG PT between birth and 2 months of age compared with 1 (7%) of the infants in groups 2 and 3 combined who had detectable maternal antibody. At 8 months of age, the GMC for anti-PT and anti-PRN IgG among infants in groups 1, 2, and 3 whose mothers had detectable IgG was similar to infants in each of the 3 groups whose mothers had no detectable IgG antibodies to these antigens. However, when groups were combined after 3 doses, significantly lower anti-PRN and anti-FHA levels were found in those with detectable maternal antibody at baseline (Table 2) .
Antibody Responses to Other Vaccine Antigens
Two months after completion of the primary immunization schedule, 100% of subjects in all groups had IgG levels to diphtheria and tetanus above those usually associated with protection (0.1 U/mL), with no significant difference between the groups (Table 3 ). There was a nonsignificant trend to reduced hepatitis B surface antibody GMC responses in infants who received the Pa vaccine at birth (Group 1 and 2 vs. Group 3), however all were above the anti-HBs level associated with protection (10 mIU/mL). Similarly, Group 1 infants had nonsignificantly lower GMCs against Hib and a lower proportion with anti PRP IgG above 1 g/mL, compared with Group 2 and 3 infants (26% vs. 45% vs. 47%; Table 3 ). Infants in groups 1 and 2 who had a 4-fold increase in anti-PT level from baseline to 4 months old had nonsignificantly higher Hib and hepatitis B surface antibody levels at 8 months compared with those with less than a 4-fold rise.
Reactogenicity
Birth aPV was well tolerated, with no vaccine-related severe adverse events detected. After the birth dose, only 2 infants had redness or swelling Ͼ10 mm and none had fever Ͼ38C. Following the 6 month vaccination, there was no difference in the proportion of infants with swelling or redness Ͼ10 mm between group 1 (after 5 doses, 17% ͓n ϭ 4͔), group 2 (after 4 doses, 14% ͓n ϭ 3͔) or group 3 (after 3 doses, 22% ͓nϭ4͔) (P Ͼ 0.5). Similarly, the proportion with reported systemic reactions or fever was similar between the groups. Two infants required hospitalization for pyloric stenosis, one aged 4 weeks in Group 2 and the other aged 6 weeks in group 3.
Pertussis Infection
One male infant in group 1 who had received 3 doses of aPV (birth, 1 month and 2 months of age) developed symptoms of mild fever, cough and rhinorrhea at 115 days, 30 days after the third dose. Pertussis was identified by PCR from a nasopharyngeal aspirate on day 134 but pertussis culture was negative. A maternal aunt had a cough consistent with pertussis commencing approximately 14 days before onset of symptoms in the infant, with positive single titer serology. This infant had a mild clinical course and did not require hospital admission. All antipertussis antibodies at 2 months of age, measured after 2 doses and 30 days before onset of symptoms were detectable (anti-PT 15 EU/mL, anti-FHA 198 EU/mL, and anti-PRN 39 EU/mL). Convalescent antipertussis antibodies at 4 months (after 3 doses of aPV and 11 days post diagnosis of infection) increased 2-fold for anti-PT and anti-PRN and nearly 2-fold for anti-FHA. Antipertussis antibody values decreased from 6 months to 8 months after the fifth dose of an acellular pertussis-containing combination vaccine.
DISCUSSION
This is the first study to assess the immunogenicity and reactogenicity of 2 doses of aPV (birth and 1 month) given before 
GMC indicates geometric mean concentration (EL.U/mL).
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2 months of age. The study is also unique in that all infants received HBV vaccine at birth, thus allowing direct comparison of the potential influence of birth aPV on concomitant HBV vaccine responses. Despite its small sample size, this study showed statistically significantly higher GMCs of anti-PT, anti-PRN and anti-FHA IgG antibody at 2 months of age in infants who received aPV at birth and 1 month of age, compared with both those receiving aPV at birth only and those who had not been vaccinated. The titers of anti PT and anti PRN IgG achieved after 3 doses of acellular pertussiscontaining vaccine (birth, 1 and 2 months of age) were similar to those seen with 3 doses administered at 0, 2, 4 or the conventional 2, 4, and 6 months of age. This raises the prospect of achieving protection, particularly against severe pertussis, at least 4 months earlier than under current vaccination schedules, subject to the caveat that antibody correlates of protection against pertussis disease of different severities in infants have not been clearly established. Observational studies suggest some protection against severe pertussis from even 1 dose of vaccine, possibly due to rapid antibody production following natural exposure in a primed infant. 4, 5 In Germany, estimated vaccine effectiveness against infant hospitalization was 68% after the first and Ͼ90% after the second dose of DTPa. 4 In Sweden, the incidence of pertussis fell from 230 to 235 (cases per 100,000 person years) after no or 1 dose of pertussis vaccine to 52 after 2 doses. 5 Our study also suggests that a first dose at birth primes the immune system, with a significant increase in antibody after the second dose, whether given at 1 or 2 months of age.
Four doses of acellular pertussis-containing vaccines within 4 months of birth was not associated with any major local or systemic adverse events in this small number of subjects. Similar to other studies, monovalent aPV given at birth was well tolerated with no increase in reactogenicity identified at birth or following later vaccine doses compared with infants receiving the routine vaccine schedule. 20 -22 One participant, who had received 3 doses of a pertussis containing vaccine (0, 1, 2 months), developed laboratory-proven pertussis infection at 3 months of age. The illness was clinically mild and may not have been detected outside the clinical trial setting. Symptoms may have been substantially attenuated by vaccination, although pertussis infection is not universally severe in infants, and infection occurred despite documented prior antibody responses to pertussis antigens.
There are some differences in the antibody responses in our study compared with 3 other recent studies which examined administration of differing acellular pertussis-containing vaccines at birth. The study most similar to ours, which was conducted in Germany using aPV produced by the same manufacturer (GlaxoSmithKline) and the same laboratory for antibody measurement, also demonstrated a significantly higher GMC of antipertussis IgG to PT, PRN, and FHA in infants after 2 doses of Pa at birth and 2 months compared with controls, with no subsequent reduction in antibody response. 22 In an earlier Italian study, where a aPV manufactured by Chiron was given at birth and 3 months of age, higher PT IgG were also seen in these infants at 5 months. 20 By contrast, a recently reported study conducted in the United States, where a DTaP vaccine manufactured by Sanofi Pasteur was given at birth, found GMCs for both PT and FHA IgG post completion of primary vaccination were lower in the experimental group than in controls. 21 This may be related to the different composition of the pertussis antigens in the GSK (3 component) and Sanofi Pasteur (5 component) vaccine, an effect of concomitant diphtheria and tetanus toxoid or some other factor. Hyporesponsiveness, a concern of early studies 16 was not seen in our study or in Germany, with equivalent antipertussis antibody titers at 8 months with or without a birth dose, however antibody titers converged between groups by 8 months old. This may relate to a biologic feedback phenomenon of achieving a "ceiling" of antibody level designed to protect the body from immune overload due to excessive antibody production. However, the US 21 and Italian 20 studies found that infants who received a pertussis-containing vaccine at birth had lower PT IgG at 7 to 8 months of age. In particular, the US study 21 found that the significantly lower pertussis antibody titers in infants who received DTaP at birth documented at 8 months persisted to 18 months of age, which they postulated may be due to the combination of diphtheria, tetanus, and aP in the combination vaccine resulting in interference with antigen presentation or B lymphocyte priming.
Maternal antibodies to pertussis can interfere with subsequent infant responses. 13, 14, 24 In our study, a small impact of maternal pertussis antibody was found when groups were combined, but this has not been adequately evaluated, particularly with respect to higher titers of maternal antibody, as our sample size was small and few mothers had detectable antibody. Larger studies, especially among women with higher pertussis antibody titers, such as would be expected following receipt of pertussis-containing vaccine as adolescents or adults or following recent natural infection, are needed. With increasing use of adult acellular pertussis booster vaccines in many countries, the potential for impact of higher maternal antibodies on infant pertussis disease and/or infant responses to pertussis-containing vaccines will become a more important issue. 3 Other antigens included with pertussis antigens in combination vaccines include diphtheria, tetanus, polio, hepatitis B and H. influenzae type b (Hib). Vaccines given concomitantly in recommended national schedules in developed countries include pneumococcal conjugate and rotavirus vaccines. In the US study, infants who had received DTaP at birth had significantly lower antibody titers to diphtheria and pneumococcal serotype 14 than controls at 7 months old. 21 In the German study, attainment of anti-PRP IgG antibody responses consistent with short-term protection (Ͼ0.15 g/mL) was significantly less after the first 3 doses (88% vs. 98%). 22 In our study, anti-PRP IgG appeared to be lower only in infants who received 2 doses of aPV before 2 months of age but power to detect any difference was low. Reduced anti-PRP IgG responses have been associated with DTaP-Hib combination vaccines, but this has only emerged as a clinical problem in one country, the United Kingdom, leading to introduction of a Hib booster. 25 Any such phenomenon following the primary series of vaccination might not be clinically relevant if a booster is routinely given. There was no significant difference in response to diphtheria and tetanus antibody responses. We did not measure responses to polio or pneumococcal antigens, but no significant differences in response to any of 3 polio serotypes were found by the only study measuring them following aPV at birth. 22 Hepatitis B vaccine (HBV) was given only to the control group in the German study, 22 whereas in our study, similar to routine practice in the US and as recommended by WHO, all participants received HBV vaccine at birth. Although reduced anti HBs antibody GMC was seen in infants receiving aPV at birth, all participants achieved protective titers (anti-Hbs Ͼ10 mIU/mL) at 8 months of age.
This study had several limitations including, small sample size, lack of data on response to all concomitant antigens (polio and pneumococcal serotypes) and has not examined persistence of antibody beyond 8 months of age.
In total, 202 infants have received monovalent aPV or DTaP vaccine at birth in recent published studies. 20 -22 Despite the varying immunogenicity data referred to above, no severe adverse events have been reported. The possibility of later reductions in antibody response, and/or interference with responses to concomitantly administered antigens, necessitates larger studies. These include the timing of the second dose of pertussis-containing vaccine. A second dose at 6 weeks of age would be feasible and practical, as current combination vaccines including acellular pertussis antigens are licensed from this age and 6 weeks is consistent with the current WHO schedule. If pertussis vaccine given at birth was included in the WHO Expanded Program on Immunization schedule, infants would then receive 3 doses of a pertussis-containing vaccine by 10 weeks of age (0, 6, 10 weeks). At present, most developing countries use whole cell pertussis (Pw) vaccine in combination with diphtheria and tetanus in the primary immunization schedule and no recent data exist about the immunogenicity and reactogenicity of Pw alone at birth. Future studies with larger samples sizes are needed to address several important issues including more precise estimates of the occurrence of adverse reactions, including the magnitude of any bystander interference with responses to concomitant antigens 26 and the influence of higher levels of maternal antibodies on infant pertussis responses.
Nearly 3 quarters of a century ago, studies attempted pertussis vaccination at birth and in pregnant women, to prevent pertussis in early infancy. 15, 17 Current global epidemiologic data indicate that pertussis remains a significant problem in early infancy and new strategies are needed. 27 The availability of acellular pertussis vaccines, with reduced reactogenicity, has led to renewed interest in neonatal pertussis vaccination and in maternal vaccination during pregnancy. 28, 29 With respect to neonatal pertussis vaccination strategies, these antibody response data suggest that potentially protective antibody can be achieved before 2 months of age and that no more than 4 doses before 6 months of age are necessary. Larger and more detailed neonatal vaccine studies are needed to evaluate the potential of this approach to prevent death and morbidity from pertussis disease in infants under 3 months of age.
